Linking cross-bridge cycling kinetics to response to cardiac resynchronization therapy: a multiscale modelling study.
Cardiac resynchronization therapy (CRT) is currently the most widely used treatment for heart failure patients with left bundle branch block (LBBB). In recent years, the presence of septal rebound stretch (SRS) has been found to be a positive indicator for CRT response although the mechanism is unknown. In an attempt to understand the relation between cellular mechanics and global pump function in CRT patients, we utilize the CircAdapt closed-loop cardiovascular system model in combination with the MechChem model of cardiac sarcomere contraction. Left bundle branch block has been simulated with increasing delay in left ventricular free wall and septal wall activation. In addition to the electrical dyssynchrony, myocardial mechanical function was diminished by decreasing the cross-bridge cycling rate. Our results have shown that a decrease in the cross-bridge cycling rate in addition to LBBB resulted in a decrease in SRS with a concomitant decreased response to resynchronization. The results of our multiscale modelling study suggest that, while greater SRS during systole clearly indicates electrical dyssynchrony, it also predicts mechanical viability and healthy cross-bridge cycling rates in the myocardium. Hence, SRS positively indicates response to CRT.